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Effort  Title:  Microscopic  Approaches  to  Quantum  Non-equilibrium  Thermodynamics  and  Information 

Anatoli  Polkovnikov 

Department  of  Physics 

Boston  University,  Boston,  MA,  02461 

Objective 


Understanding  dynamics  and  non-equilibrium  steady  states  of  macroscopic  systems  from 
microscopic  principles.  Connecting  dynamics  and  information.  Specific  questions  to  be 
addressed:  connections  of  microscopic  description  of  quantum  chaotic  systems  based  on  the 
random  matrix  theory  (eigenstate  thermalization)  and  macroscopic  phenomena  (both 
equilibrium  and  non-equilibrium).  Understanding  thermodynamics  of  periodically  driven 
(Floquet)  systems.  Application  of  developed  approaches  to  heat  engines  and  other 
thermodynamic  processes. 


Approach 

We  employed  a  variety  of  analytical  and  numerical  methods  and  in  parallel  were  developing 
novel  analytical  and  numerical  approaches.  In  particular,  we  developed  a  new  microscopic 
approach  allowing  one  to  simulate  dynamics  of  quantum  systems  (including  interacting 
fermions)  by  mapping  them  to  classical  systems  living  in  higher-dimensional  phase  space 
[2].  We  developed  a  new  variational  approach  for  minimizing  dissipative  losses  in  quantum 
and  classical  systems  based  on  finding  efficient  approximate  counter-diabatic  protocols  [5]. 
We  wrote  a  comprehensive  review  connecting  microscopic  approach  of  random  matrix 
theory  and  based  on  it  eigenstate  thermalization  hypothesis  with  macroscopic  postulates  and 
laws  of  statistical  mechanics  and  thermodynamics  [9].  We  also  wrote  two  reviews  describing 
approaches  for  engineering  quantum  and  classical  Floquet  Hamiltonians  as  well  as  for  the 
adiabatic  state  preparation  [3,  16].  We  wrote  another  review  discussing  applications  of 
moving  frame  transformations  in  quantum  and  classical  systems  to  finding  emergent 
dynamical  response  of  slowly  driven  systems  [1]. 

Relevance  to  Army 


We  suggested  several  approaches  allowing  one  to  connect  microscopic  models  describing 
quantum  and  classical  systems  with  various  macroscopic  dynamical  phenomena.  Our  ideas  can 
be  used  for  developing  non-equilibrium  phases  with  desired  properties  (Floquet  engineering), 
suppressing  dissipative  losses,  designing  new  efficient  protocols  for  the  state  preparation.  One 
can  envision  many  various  applications  including  those  relevant  to  the  Army  coming  from  our 
research. 


Accomplishments  for  Reporting  Period 


Wrote  a  comprehensive  review  on  quantum  chaos  and  eigenstate  thermalization  and  its 
applications  to  equilibrium  and  non-equilibrium  thermodynamics  [9].  Wrote  a  brief 
perspective  on  quantum  thermalization  for  Science  [8].  Wrote  a  joint  experiment-theory 


paper  on  studying  connections  between  quantum  and  classical  chaos  in  small  systems  of 
superconducting  qubits  [12] 

•  Wrote  two  reviews  on  Floquet  systems:  i)  on  general  theory  of  Flqouet  systems  and 
Floquet  engineering  [16]  and  on  ii)  adiabatic  perturbation  theory  in  Floquet  systems  [3]. 

•  Developed  theory  of  heating  in  periodically  driven  systems.  Showed  that  at  high 
frequencies  heating  is  due  to  many-body  resonances  resulting  in  very  non-trivial  type 
behavior  [11],  Developed  a  new  approach  for  constructing  integrable  Floquet  protocols, 
which  lead  to  a  strong  suppression  of  heating  [6] 

•  Extended  celebrated  Schrieffer-Wolff  transformation  to  periodically  driven  systems  [10] 
showing  how  theory  of  Floquet  systems  can  be  applied  to  find  effective  Hamiltonians  in 
static  systems  (quantum  and  classical). 

•  Wrote  an  extensive  pedagogical  review/lecture  notes  on  non-adiabatic  response  and 
geometry  in  quantum  and  classical  systems  [1].  Showed  deep  relations  between  non- 
adiabatic  response  coefficients:  dynamical  forces,  added  mass,  work  on  the  system  and 
the  quantum  geometric  tensor.  Discussed  how  one  can  develop  exact  and  approximate 
counter-diabatic  driving  protocols. 

•  Developed  a  new  numerical  method  for  simulating  dynamics  of  interacting  fermions  by 
mapping  it  to  classical  dynamics  of  fermionic  bihnears(strings).  Showed  that  using  this 
method  we  can  accurately  simulate  a  broad  range  of  problems,  in  the  regimes  where  there 
are  no  known  competing  methods  [2] 

•  Showed  that  approximate  counter-diabatic  driving  can  be  applied  to  complex  systems 
greatly  suppressing  dissipation.  Developed  a  new  variational  non-equilibrium  principle, 
which  is  easy  to  implement  and  apply  to  both  quantum  and  classical  systems  [5]. 


Results  were  published  or  submitted  to  high  impact  journals  (Science,  Nature  Physics,  Advances 
in  Physics,  Physics  Reports,  Physical  Review  Letters)  and  were  reported  in  many  domestic  and 
international  conferences,  workshops,  schools  and  research  seminars. 
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